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INTRODUCTION
Aviators who sustain head trauma or acquire illnesses that effect mental skills undergo neuropsychological evaluations in order to determine their medical qualification to return to flying. However, most standard neuropsychological tests are developed using normative samples reflecting the general population. Since it can be argued that aviators represent a unique population it is most appropriate that their performance on testing be compared with a sample of their peers. Few neuropsychological tests exist that use aviator norms. This presents a challenge for psychologists who are tasked with conducting these critical evaluations. The present paper discusses the need for aviatorspecific norms and demonstrates their usefulness using intelligence test norms developed using a large sample of United States Air Force pilot training candidates.
The need for population-specific norms for psychological tests is well established. Grant and Adams (1996, p. 142) noted "the purpose of normative data is to provide information on the range of an ability within a specifically defined population," adding that they should "be an unbiased sample of the population of interest." This is important since research repeatedly has shown relationships between demographic variables (e.g., age, education, gender) and psychological test results (Heaton, Grant, & Adams, 1991; Heaton, Ryan, Grant, & Matthews, 1996) .
Since military aviators generally perform in excess of one standard deviation above the mean on standardized intelligence tests (Retzlaff, Callister, & King, 1999; Retzlaff & Gibertini, 1998) they should be considered, from a psychometric standpoint, to be a unique population. Consequently, when an aviator is given psychological testing it is most appropriate to evaluate these results in relation to those obtained by other aviators. However, little normative data, using tests commonly used in clinical settings, has been gathered on this population. Kay's (1995) computer-administered neuropsychological test battery is the main exception. This was developed for use with aviators and has norms based on a sample of commercial aviators. Still, this test is little known or used outside the aviation psychology community.
Evaluation Process
Clinical neuropsychologists assess "brain function inferred from an individual's cognitive, sensory/motor, emotional, or social behaviors" (Howieson & Lezak, 1997, p. 181) . They offer opinions concerning the presence of brain injury, localization of impairment, injury severity, neuropsychological strengths and weaknesses, ability to return to pre-injury activities, and to assist in rehabilitation planning (Franzen & Lovell, 1987) . In order to do so they may use a wide variety of tools. These include detailed clinical interviews with patients and significant collateral contacts, behavioral observations, subjective tests (e.g., confrontation testing of visual fields), and psychometric testing to include personality, intellectual, and cognitive tests.
Interpretation of psychometric data involves two processes: use of normative data and pattern analysis. Through the use of normative data it is possible to view an individual's abilities compared with peers. With aviators who have sustained illness or injury that effects mental skills, should abilities be considerably lower than one's peers then there would be reason to suspect cognitive impairment and, possibly, decline. This is especially important if the performance is poor on tasks on which unimpaired individuals consistently do well such as naming common items. When skills are normally distributed in the population, cut-off scores are sometimes used to suggest when a performance is in the "impaired" range and this usually is when the score is greater than two standard deviations below the mean (Howieson & Lezak, 1997) .
Pattern analysis, on the other hand, involves examining the patient's performance on a variety of tasks that require different skills. It assumes that "consistency in the expression of cognitive functions is a key concept" (Lezak, 1996, p. 167) . Generally speaking, this means that non-brain-impaired individuals perform at a consistent level across a range of cognitive skills. If there is a significant difference in performance on tests that assess divergent skills then it could suggest that this represents a deficit due to brain impairment. Significant differences can be denoted either by statistically significant differences between scores or by the use of base rates. Base rates show the frequency of differences in scores obtained on two tests or subscales in the standardization sample. For example, a patient received Immediate Memory and Working Memory scores of 96 and 111, respectively, on the Wechsler Memory Scale -Third Edition (Wechsler, 1997) . According to normative data, this 15 point difference is statistically significant at greater the p<.05, suggesting that the patient has better working memory than immediate memory. However, differences of this magnitude or greater were seen in 38% or the national normative sample. Consequently, it is not uncommon and the apparent skill differential is most likely not noteworthy from a clinical perspective. It is important, then, for the neuropsychologist to examine both statistical differences and base rate when doing pattern analysis. Also, it is important to note that differences between two scores does not indicate, with certainty, that there is brain injury. Rather, this suggests this is a possibility, especially if findings are consistent with known patterns of impairment associated with specific neurological conditions, and warrants further investigation.
Evidence of the importance of pattern analysis abound. For example, an individual whose oral communication skills are considerably poorer than other, nonexpressive language skills may have an expressive aphasia. Similarly, consider an individual's performance on an intelligence test that consists of several subtests. That person may obtain a solid score on subtests that involve retrieval of well-leamed information held in long-term storage (e.g., vocabulary and general information) but evidence difficulty when required to repeat from memory strings of digits of increasing length that are presented orally. In this case, it is unclear whether this variable performance is due to deficits of attention, repetition, or other causes. However, it is clear that further evaluation would be appropriate.
METHOD Participants
All subjects (N = 5617) were either active-duty United States Air Force (USAF) personnel, Air Force Academy students, or recent Air Force Reserve Officer Training Corps (ROTC) graduates who had been selected to attend undergraduate pilot training. They had completed and passed Class I physical examinations, indicating they were in excellent physical health. Data was collected between April 1994 and August 1999 as part of the USAF Enhanced Flight Screening -Medical, a program designed to obtain baseline performance measures and test for aeromedically disqualifying conditions. All either were, or soon would be, college graduates. Mean age was 22.98 (SD = 2.44) and ranged from 19 to 34 years of age. Most were male (91.8%) and Caucasian (91.7% Caucasian; 2.7% Black; 2.4% Hispanic; 1.3% Asian; 1.9% Other). The voluntary, fully informed consent of the subjects used in this research was obtained as required by 32 CFR 219 and AFI 40-402.
Materials
The Multidimensional Aptitude Battery (MAB) (Jackson, 1984 ) is a groupadministered test of intelligence. It consists of ten subtests, each seven minutes long, and produces Verbal (VIQ), Performance (PIQ), and Full Scale (FSIQ) IQ scores as well as subscale scaled scores. This test is patterned after the Wechsler Adult Intelligence ScaleRevised (WAIS-R) (Wechsler, 1981) ; however, the WAIS-R is an individuallyadministered test. Additionally, and in contrast to the WAIS-R, all test items on the MAB are multiple-choice. While there are no test items in common between these tests, nine of the ten MAB subtests share names with those in the WAIS-R and, at face validity, appear to assess similar skills; one subtest (Spatial) has been substituted for Block Design. Correlations between WAIS-R subscales and their MAB counterparts range from .44 to .89 (Jackson, 1984) and are generally stronger than those associated with the WAIS-R subtests and their earlier versions on the original WAIS. Correlation between the WAIS-R and MAB FSIQ scores is .91; MAB FSIQ test-retest reliability is .97 (Jackson, 1984) . The MAB assesses a variety of cognitive skills, including vocabulary, general knowledge, verbal and nonverbal abstract reasoning, and spatial analysis. It is commonly given and commercially available.
RESULTS/DISCUSSION
As noted above, interpretation of psychometric data involves comparison of obtained scores with normative data and the use of pattern analysis. Normative data ideally should be based on a sample of the examinee's peers. This method, and its importance, will be demonstrated using MAB information obtained as a result of the present study. Table 1 lists MAB VIQ, PIQ, FSIQ, and subscale mean and standard deviation scores by ethnic group and gender based on the sample used in this study. For aviators, comparison with a normative sample of peers is of particular importance when evaluating for possible sequelae of brain injury. For example, an evaluation that results in a FSIQ score of 105 is well within normal limits when compared with the MAB's national normative sample. However, this is approximately two standard deviations below the USAF pilot training candidate mean (Table 1) . Given this, it may be suggestive of a decline in overall intellectual functioning and warrant a more comprehensive neuropsychological evaluation. It is not unusual, for example, to see a pilot's FSIQ score rise from 100 shortly after a head injury to the 120's range twelve months later. This increase suggests that the brain was injured sufficiently severe to result in a general cognitive decline but, with the passage of time, experienced spontaneous remission of symptoms. Voc 60.6(6.7) 58.7(6.5) 60.8(6.7) 58.0(6.9) 59.8(6.7) 60.7(6.7) 60.0(6.9) DS 63.8(6.6) 60.7(7.4) 63.9(6.6) 62.7(6.8) 64.8(6.1) 63.6(6.7) 65.5(6.3) PC 59.6(6.2) 56.8(6.4) 59.8(6.1) 57.9(6.2) 58.5(6.9) 59.9(6.2) 56.6(5.9) SP 59.9(6.7) 57.4(6.6) 60.0(6.6) 59.4(6.9) 59.6(6.4) 60.1(6.6) 57.5(7.2) PA 52.8(6.9) 49.1(6.6) 52.9(6.8) 51.0(7.4) 53.4(6.0) 52.8(6.9) 52.2(7.1) It is also important to note that the various ethnic groups did not consistently score similarly on all scales. SAS GLM MANOVA procedure was used to analyze the main effect of ethnic groups for FSIQ, VIQ, PIQ, and each subscale. Contrast estimates were performed to determine significant differences for each test, relative to ethnic group, where a significant main effect for ethnic group was determined. MAB IQ and subscale mean score differences were noted between the different ethnic groups and this is presented in Table 2 . Thus, the Black and Hispanic groups performed similarly on the MAB as did the Caucasian and Asian groups. The "Other" group most closely resembled the Caucasian and Asian groups, suggesting it was largely made up of individuals from these groups. That there were differences between the groups is not surprising since it is well known that average scores on psychological tests sometimes vary with different ethnic groups. Still, this difference highlights the need for ethnic specific norms. For example, the Black sample's mean FSIQ was 5.7 points lower than the Caucasian. Suppose, for example, that a Black pilot is being evaluated for possible decline in functioning as a result of head trauma and receives a FSIQ score of 108. This score is nearly two standard deviations below the overall pilot training candidate mean. Such a score may be suggestive, then, of a decline in functioning. However, when compared with the Black sample this score is at the 1 6 th percentile (one standard deviation below the mean) which is in the low average range. Use of these tables, then, may provide more appropriate comparative standards than are currently available and reduce the risk of over-diagnosis of impairment in minority aviators.
Pattern analysis, on the other hand, involves examining an individual's performance across a range of tasks. These tasks can be different tests or subtests within one test. With the MAB, pattern analysis involves comparing performance on the different subtests. Inter-subtest score scatter analysis can reveal divergent cognitive strengths that can be suggestive of compromise of brain functioning. For example, knowledge of word meanings and speed of information processing are often thought to be resistant and vulnerable, respectively, to brain injury. On the MAB, these are assessed with the Vocabulary and Digit Symbol subtests. Evidence suggestive of compromise of cognitive functioning would exist should the Vocabulary score be considerably higher than Digit Symbol score. In this case, further evaluation would be appropriate.
However, when are differences large enough to be considered of clinical significance? In other words, how great a difference is required so that it cannot be attributed to chance? There are two general approaches to this: statistical significance and base rates.
Statistical significance means that the magnitude of the difference between two scores is of such magnitude that the probability of this being due to chance is minimal. Table 3 presents the MAB VIQ-PIQ difference scores that are required for statistical significance at the .05 and .01 levels by ethnic group and gender. For example, suppose a female pilot training candidate received a VIQ score of 125 and a PIQ of 115. The VIQ-PIQ difference score of 10 is significant at greater than the .01 level and suggests, generally speaking, stronger ability on tasks that require verbal mediation than those that are more heavily dependent upon visuomotor skills.
Similarly, significance of differences between subscale scaled scores can also be determined. Table 4 reveals, for example that an Information subtest score that is four points higher than that obtained on the Spatial subtest is significant at the .01 level. Note that Table 4 was calculated using the total sample. Additional tables were calculated for each ethnic and gender group (see Tables 6 through 12 ). The difference between scores required for significance was computed from the standard error of the difference (SEMdiff). Multiplying the standard error of measurement of the difference by an appropriate z value results in the amount of difference required for statistical significance at a given level of confidence. This is the same procedure that was used with the Wechsler Adult Intelligence Scale -Third Edition (Psychological Corporation, 1997) for computing significant differences. 2.8 3.6 2.3 3.0 2.8 3.7 2.4 3.2 3.0 3.9 2.9 3.8 2.8 3.7 2.9 3.8 3.0 3.9 FSIQ Full Scale IQ; VIQ = Verbal IQ; PIQ = Performance IQ; lnf = Information; Com = Comprehension; Ari = Arithmetic; Sim = Similarities; Voc = Vocabulary; DS = Digit Symbol; PC = Picture Completion; SP = Spatial; PA = Picture Arrangement; OA = Object Assembly
Finally, score pattern analysis may be undertaken by examining difference scores in terms of not only whether they are statistically significant but also whether the magnitude of the difference score was seen commonly in this sample. This is analysis of the base rate (see Table 5 ). For example, a VIQ-PIQ difference score of six is significant at the .01 level for Hispanic subjects (Table 3) but base rate information reveals that a difference of this magnitude and greater was seen by 58.2% of the sample (Table 5) . Consequently, this difference is not clinically meaningful. On the other hand, a VIQ-PIQ difference of 18 is statistically significant for Hispanic subjects (Table 3) ; also, a difference of this size or greater was seen in only 2.2% of this study's sample (Table 5) . A difference of this magnitude, then, could be clinically meaningful and would warrant further evaluation of the aviator. There are several limitations to this study. First, the data was collected on individuals who were selected for undergraduate pilot training. This may not be representative of pilots in general since not all candidates will successfully complete training. However, the vast majority of those selected for pilot training (around 85%) do graduate from training and, in fact, there is no widely accepted standard for failure from pilot training; this is often based on the subjective, although learned, opinion of the instructor pilot. Still, it could be that those who fail score differently on the MAB than those who are successful and including their scores in the normative data alters it somewhat. Secondly, the sample consisted of young adults. The tables, then, should be used with caution when assessing older individuals. Finally, the MAB was modeled after the WAIS-R. The WAIS-R has since been revised and includes a new normative sample (Psychological Corporation, 1997) . Scores are slightly reduced on the WAIS-Ill when compared with the WAIS-R. A similar performance on both tests would result in VIQ, PIQ, and FSIQ scores that are 1.2, 4.8, and 2.9 points lower, respectively, on the WAIS-III than on the WAIS-R. Consequently, MAB scores may slightly overestimate ability based on current customary norms.
CONCLUSIONS
As this study demonstrated, aviators perform considerably better on standardized psychometric testing than the general population. Determining whether an aviator has experienced a decline in cognitive skills following illness or injury, then, requires comparison of that individual's performance on testing with a sample of peers, in this case, other aviators. Use of normative data obtained from samples representing the United States population as a whole runs the risk of not identifying true decline in mental skills (i.e., false negative). Importantly, such a diagnostic "miss" could result in allowing an impaired aviator into the cockpit, placing that individual, other aircrew, and the mission in jeopardy. Since aviators represent a unique population, evaluations of their cognitive skills, particularly when a determination regarding returning to flying is to be made, should use instruments that have aviator-specific norms.
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